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a  b  s  t  r  a  c  t
This study  evaluated  the  effect  of supplemental  vitamin  E to  ewes  in  late pregnancy  on  the
rate of stillborn  lambs.  Ewes  in 19  ﬂocks  in  5  regions  of Norway  were  daily  supplemented
the  6–7 weeks  before  average  expected  lambing  date  with  either  (1)  360 IU of  vitamin  E
(supplemented),  or (2)  placebo  (control).  The  daily  supplement  was given  in addition  to  the
daily basal  diet  of  forage,  concentrate  and  mixture  of minerals  and  vitamins  in each  ﬂock,
assuming  that forage  contained  on average  40 mg  -tocopherol/kg  DM. Information  about
the basal  diets  was  collected  via  analyses  of  forage  samples  and  questionnaires.  Blood  was
collected from  a sample  of  ewes  in each  ﬂock  1 week  pre-treatment  (7–8 weeks  before
lambing),  and  from  some  ﬂocks  1–2  weeks  after  initiation  of  supplementation  (5–6 weeks
before  lambing)  and  1–2  weeks  after  lambing.  The  body  condition  score  (BCS)  of the  ewes
was  assessed  4–6 weeks  before  lambing.  Mean  content  (±SD)  of  -tocopherol  in the  forage
of the  19  ﬂocks  was  25  ± 17  mg/kg  DM. Mean  daily  intake  of  vitamin  E  of  the  ewes  from
the  basal  diet  was  153  ±  44 IU.  Vitamin  E  supplementation  increased  serum  concentration
of  -tocopherol  (P = 0.0002)  5–6  weeks  before  lambing.  After  lambing  there  was  a higher
ratio  of  -tocopherol  to cholesterol  in  serum  of supplemented  ewes  compared  with  control
ewes (P  = 0.02).  Ewes  with  one  or  more  stillborn  lambs  had  lower  serum  -tocopherol
concentrations  than  ewes  without  stillborn  lambs  in  litters  with  ≥3  lambs  (P = 0.01).  For
ewes  with  ≥3  lambs  there  was  a signiﬁcant  lower  stillbirth  rate  for vitamin  E supplemented
than  for  control  ewes  (P = 0.0004),  while  there  was  no effect  on  the stillbirth  rate  for  ewes
having  ≤2  lambs.  Ewes  with  low  BCS  had  a  higher  stillbirth  rate  than  ewes  with  medium  or
high BCS  (P  = 0.001).  The  results  of this  study  indicate  that  daily  supplementation  of  vitamin
E during  the  last  6–7  wee
lambs.
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. Introduction
The Norwegian White Sheep is a productive and proliﬁc sheep breed
or  meat production and constitutes 80% of the nearly one million ewes in
he  Norwegian sheep population. Stillbirths and postnatal lamb mortality
p to 30–40 days of age have increased the last years, reaching 9.2% in
013 (Animalia, 2013). Stillbirths constitute approximately half of these
osses. Triplet and higher order litters are associated with increased risk
f  stillbirths and neonatal mortality (Everett-Hincks and Dodds, 2008).
verage litter size at birth of the Norwegian White Sheep has increased
rom 1.9 to 2.2 from 2000 to 2013 (Animalia, 2008, 2013).
The factors causing stillbirths are complex (Binns et al., 2002). Mater-
al nutrition during pregnancy is one of the factors that may  inﬂuence
he  survival of the lambs (McDowell et al., 1996). Vitamin E is one of
he micronutrients that may  have an impact on immune functions and
ealth. It protects biological membranes from oxidative damage by acting
s  scavengers of reactive oxygen species (ROS). The metabolic functions
f  vitamin E are closely linked to the selenium-containing enzyme glu-
athione peroxidase (GPx) (Huber, 1988). An uncontrolled ROS generation,
eyond physiological antioxidant defences, may  have harmful effects both
n  mother and fetus (Mutinati et al., 2013). A positive effect of vitamin E in
umoral immunity via elevated immunoglobulin G (IgG) is documented
Hatﬁeld et al., 2000). However, even if the direct effect of vitamin E as
n  antioxidant is clear, the previous research on the effect of vitamin E on
amb survival is ambiguous. Most research concerned the effect of vitamin
 on preweaning mortality of lambs, and to a small extent on stillbirths of
ambs. Kott et al. (1998) found that oral supplementation of vitamin E to
wes from about 3 weeks before lambing reduced lamb mortality in the
arly part of the lambing season. However, the study included mortality
rom stillbirths to weaning. Others, like Daniels et al. (2000) and Merrell
1998), found no effect on lamb mortality of supplementing vitamin E the
ast ﬁve and eight weeks of pregnancy, respectively.
Optimal serum concentrations of vitamin E are difﬁcult to maintain
n  the period around lambing, due to an increased need for antioxidants
uring this time (Goff and Stabel, 1990). Also, excessive accumulation of
OS affects placental development and function both in early pregnancy
nd towards lambing, and may  subsequently impact both the fetus and
am (Kasimanickam et al., 2010). Vitamin E is a powerful antioxidant,
nd also assumed to be a factor improving the periparturient immunity.
ecause the serum ratio of -tocepherol to cholesterol might more accu-
ately reﬂect vitamin E status than -tocopherol (Weiss et al., 1992; Herdt
nd Smith, 1996), also cholesterol was included in this study.
The previous National Research Council (NRC) (NRC, 1985) recom-
endations of 15 IU of vitamin E/kg DM was  increased by about 17 times
n  the most recent NRC (2007) recommendations, with the purpose of
nhancing the immunocompetence of the animals. Total vitamin E intake
ecommended for a 90 kg ewe in late pregnancy is now 504 IU/day, regard-
ess of the number of fetuses. This amount has not yet been evaluated in
orway, where most ewes are fed indoors, on a diet based on grass silage,
ay, and concentrates, during 5–8 months of wintertime. A few days or
eeks after lambing in the spring, ewes with lambs are let out on pastures,
nd lambs are slaughtered in the autumn. The content of vitamin E in for-
ge  is highly variable and is not known in most situations. The vitamin E
ontent is high in fresh grass, but decreases with storage and conservation,
nd depends on forage species and harvest time (McDowell et al., 1996).
he  objective of this work was to test a hypothesis that vitamin E sup-
lementation of highly productive late gestational ewes, according to the
otal dietary level recommended by NRC (2007), would reduce the rate of
tillborn lambs. Flocks from 5 different regions were included in the study
ecause great climatic variations among regions might inﬂuence forage
uality, including alpha-tocopherol concentrations.
. Material and methods
.1. Experimental design
The study was  conducted in 19 ﬂocks with in total 2268 ewes of the
reed Norwegian White Sheep. The mean number (±SD) of ewes and born
ambs per ﬂock was 119 ± 67 and 291 ± 159, respectively. The locations
latitude/longitude, mean annual temperature) of the ﬂocks were: south-
est Norway (Rogaland County, n = 4) (59◦N/6◦E, 7◦ C), southeast Norway
Buskerud County, n = 3) (60◦N/9◦E, 1◦ C), the valley of Østerdalen (Hed-
ark County, n = 4) (62◦N/10◦E, 1◦ C), the two counties of Trøndelag (n = 4)
64◦N/11◦E, 3◦ C), and northern Norway (Troms County, n = 4) (69◦N/19◦E,search 125 (2015) 154–162 155
3◦ C). Lambing dates varied with ﬂock location, but were between March
20 and June 8, with total mean lambing date on May  3.
On gestation day 70 ± 11 (SD), all ewes in experimental ﬂocks were
subject to ultrasound scanning of fetal count. Of the ewes, 91.4% gave
birth to the same number of lambs as fetuses counted, 4.2% gave birth
to  one lamb more, and 3.6% gave birth to one lamb less. Two-year old
or older ewes with only one fetus, and 2-year old ewes in their ﬁrst
gestation, were excluded as experimental animals, because they were
not considered to be highly productive. The study was  conducted dur-
ing the indoor season, and ewes were fed conserved forage (silage or
hay from grasses and clover), commercial concentrates, and mineral and
vitamin supplement as usual for each ﬂock. Mineral and vitamin mix-
ture and salt blocks were given to the ewes in some ﬂocks, but none of
the  ﬂocks used supplements containing high doses of vitamin E and/or
selenium.
Ewes in each ﬂock were allocated into two experimental groups
for vitamin E supplementation, balanced according to the ewes’ age,
number of fetuses and expected lambing date. One of the experimen-
tal groups was provided 360 IU supplemental vitamin E per ewe per day
(supplemented,  20 g of the supplement PLUSS E-konsentrat, 18,050 mg
dl  -tocopheryl acetate/kg, Felleskjøpet, Norway), and the other exper-
imental group was  provided a placebo with no supplemental vitamin E
(control,  20 g from the same producer). The supplement and the placebo
were each produced in one batch, labeled A and B (unknown for all
persons involved) and distributed to all ﬂocks immediately prior to the
onset of the study. Supplements were given from 6–7 weeks before mean
expected lambing date and until lambing. The supplements were fed
to  the ewes daily on top of concentrates using premeasured scoops of
various sizes, accommodated to the number of ewes per pen. Ewe num-
ber per pen varied between and within ﬂocks, up to a maximum of
48.  Supplemental vitamin E was  added to meet the NRC (2007) recom-
mendation of 504 IU/day, based on an assumption that forage contained
in average 40 mg -tocopherol/kg DM.  Vitamin E occurs in nature in
eight different isomers (, ,  and  tocopherols and , ,  and 
tocotrienols), of which -tocopherol has highest biological activity and
is  the major isomer in plants (DellaPenna and Pogson, 2006) and in
blood and tissue of animals (Hidiroglou et al., 1992). In the present
study, -tocopherol was the only isomer measured, and the content in
forage and serum is referred to as -tocopherol. Most commercial con-
centrates and supplements contain the synthetic form of vitamin E (dl
-tocopheryl acetate). The biopotency factor per mg for dl -tocopheryl
acetate is 1.00 IU, and for the natural d--tocopherol 1.49 IU (NRC, 2007).
These factors were used to calculate -tocopherol and -tocopheryl
acetate in feeds into vitamin E, and throughout this study referred to as
vitamin E.
2.2. Data collection
2.2.1. Feed and animals
In each ﬂock, a sample of the main forage used the 7 last weeks before
lambing was analyzed. When having two main forages, or if the forage
quality varied substantially during the experimental period, two forage
samples were analyzed. Information about feeding routines, forage avail-
ability (available 24 h/d (ad libitum) or whether the feeding board was
empty during parts of the day), the type and amount of concentrate offered
to  ewes of different ages and pregnancy ranks, and the use of commercial
mixtures of vitamins and minerals during the 7 last weeks before lamb-
ing was collected using a questionnaire. The body condition score (BCS)
of  the ewes was  assessed about 4–6 weeks prior to lambing, using a 1–5
scale, with 1 being skinny and 5 being obese. The farmers or the advisors
from the Extension Service performed the scoring based on the descrip-
tion  given by Russel (1984). Some of them scored using integer or halves,
whereas others used one decimal.
Data from individual sheep were collected from the Norwegian Sheep
Recording System (NSRS), where all the farmers continuously provided
electronically data on birth date, mating date, number of fetuses, lambing
date, number and sex of lambs, and number of stillborn lambs from their
own ﬂock.2.2.2. Blood sampling
Five ﬂocks (2 from location Rogaland and 3 from Buskerud) were
closely followed up with blood sampling of 16 ewes per treatment
group one week pre-treatment (7–8 weeks before lambing), 1–2 weeks
after initiation of supplementation (5–6 weeks before lambing), and 1–2
inant Re
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weeks after lambing. Because the response to E-vitamin supplementa-
tion was expected to depend on the initial E-vitamin- and Se-status in the
participating ﬂocks, pre-treatment blood samples were collected (8 ewes
per treatment group) also in all other ﬂocks. Six of these 14 ﬂocks (2 ﬂocks
from each of the 3 locations that were not closely followed up) were addi-
tionally blood sampled 1–2 weeks after lambing. The repeated sampling
was  done on the same ewes.
Blood for -tocopherol and cholesterol analysis was  collected in vacu-
tainers free from additives, cooled and sent to the laboratory overnight
where it was  processed (centrifugation at 1000 × g for 15 min). After cen-
trifugation, serum was  frozen at −20 ◦C until analysis. Blood for analysis
of GPx activity was  collected in Li-Heparin vacutainers and was frozen at
−20 ◦C immediately after sampling.
2.3. Analysis
Forage samples were analyzed by Euroﬁns Food & Agro-testing
Norway, using near-infrared reﬂectance spectroscopy (NIRS) on Foss NIR
6500 (Foss, Hillerød, Denmark) to determine dry matter (DM), crude pro-
tein, neutral detergent ﬁber (NDF), sugar, organic matter digestibility and
net energy lactation (NEL). Analyses of NH3–N, pH, organic acids and
ethanol were carried out on a water extract from fresh forage samples
as  previously described by Dønnem et al. (2011).
Quantiﬁcation of -tocopherol in forage and serum was done by a HP
1100 liquid chromatograph (Agilent Technologies, Palo Alto, CA, USA) with
a  HP 1100 Fluorescence detector. For forage, -tocopherol was  extracted
by  use of ultrasound-assisted extraction to methanol. Tocol was used as
internal standard and added to test samples and calibrators. After mixing
and centrifugation an aliquot of 3 L was injected from the supernatant
into the HPLC system. External calibration curve of -tocopherol includ-
ing  internal standard was used for quantiﬁcation. For serum, 100 L was
diluted with 300 L 2-propanol containing the internal standard tocol and
butylated hydroxytoluene (BHT) as an antioxidant. After mixing and cen-
trifugation, an aliquot of 1 L was injected from the supernatant into the
HPLC system. Tocopherol was separated on a 2.1 mm × 250 mm reversed
phase column. A two-point calibration curve was made from analysis of a
3%  albumin solution enriched with known concentration of tocopherols.
Quantiﬁcation of -tocopheryl acetate in the supplement was  done by
HPLC (Shimadzu LC-10, Shimadzu, Osaka, Japan) with a UV detector. A
quantity of the sample was  saponiﬁed with ethanol and KOH-water in
order to convert -tocopheryl-acetate to -tocopherol, before injection
into the HPLC system. Tocopherol was detected at 292 nm.  The con-
tent of -tocopherol in the sample was detected by comparing with an
internal standard with a known content of -tocopherol. -Tocopherol
was  then recalculated to -tocopheryl-acetate with a conversion factor
of 1.1.
Cholesterol concentration in serum was analyzed colorimetrically
using Cobas Mira S spectrophotometer (F. Hoffmann-La Roche & Co.,
Basel, Switzerland) with reagents from Bergman Diagnostica AS (Kjeller,
Norway). Glutathione peroxidase activity in whole blood was  deter-
mined spectrophotometrically using Pentra 400 (Horiba ABX, Montpellier,
France) with Ransel reagents from Randox Laboratories Ltd. (Crumlin, UK).
Glutathione is oxidized by cumene hydroxyperoxide and is immediately
reduced to glutathione by glutathione reductase with a concomitant oxi-
dation of NADPH to NADP+. The activities are expressed as units (U)/g
Hb.
2.4. Calculations
For each pregnant ewe, the intake of vitamin E from basal diet was
calculated as the sum of the estimated content in the various components
of the ration: forage (hay or grass silage), commercial concentrates, and
commercial mixtures of vitamins and minerals. The types of forage and
concentrate, and whether or not a commercial mixture containing vitamin
E  was  used, were ﬂock-speciﬁc. In most ﬂocks, pregnant ewes were kept
in  separate groups according to age and the number of fetuses they carried
and the amount of concentrate offered.
Daily forage DM intake per ewe was  estimated based on the follow-
ing  assumptions: Ruminant forage intake per kg BW depends on (1) the
concentration and quality of forage ﬁber (Mertens, 1987), (2) DM concen-
tration, fermentation quality, and proportions of regrowth and legumes
in  grass silage (Huhtanen et al., 2007), and (3) the amount of concen-
trates offered, due to the substitution between forage and concentrates
(Huhtanen et al., 2008). On this background, daily DM intake of ewes insearch 125 (2015) 154–162
late pregnancy was  estimated according to the following model:
DM intake, g/day
=
[
(NDF intake × BW
NDF g/kg DM in forage
× SDMI) − (Substitution)
]
where NDF intake = 2.08 × NEL MJ/kg DM in forage − 0.9. BW = body
weight, kg (set to 60, 80 and 90 kg for 1, 2 and ≥3 year old ewes,
respectively). SDMI = silage dry matter intake index of Huhtanen et al.
(2007) exclusive of the effect of digestible organic matter in dry mat-
ter  (D-value) and whole crop silages. Substitution = concentrate DM,
kg × (0.21 × NEL MJ/kg DM forage − 0.59).
After completing this model the daily DM intake was corrected by
the  following factors: (1) intake increases by 5% when more than one
type  of forage is offered (Kuoppala et al., 2009), and (2) in ﬂocks where
the feeding board was empty in parts of the day, estimated forage DM
intake was  assumed to be 10% lower than estimated for ad libitum
intake.
Vitamin E intake from forage was calculated for each ewe within
ﬂock from estimated DM intake and analyzed vitamin E content in
forage. Vitamin E intake from commercial concentrates and mixtures
of vitamins and minerals was  estimated based on declarations from
the manufacturers on the amount of -tocopheryl-acetate applied, and
guaranteed, in each mixture. Possible natural -tocopherol contents
derived from feed ingredients in the mixtures were not included in these
declarations.
2.5. Statistical analysis
2.5.1. Ewe models
Statistical analysis of the blood values was conducted using the MIXED
procedure of SAS (SAS, 2013). Individual ewe  was the experimental unit.
The model evaluating the two  experimental groups included the ﬁxed
effects of vitamin E supplementation (control, supplemented), age (1,
2  or ≥3 years) and litter size (1, 2, 3 or ≥4 lambs). The model eval-
uating blood values in ewes with (at least one) or without stillborn
lamb included the ﬁxed effects of vitamin E supplementation, age, lit-
ter size (≤2 lambs and ≥3 lambs), ewe with or without stillborn lambs,
and the interaction between litter size and ewe with or without still-
born lamb. Flocks were considered random in these models. Results are
presented as least square means (LSmeans) and standard error of the
means.
2.5.2. Lamb model
Lamb stillborn data were analyzed by logistic regression using
the GLIMMIX procedure of SAS (SAS, 2013), assuming a binomial dis-
tribution (0 = alive, 1 = dead). Individual lamb was the experimental
unit. Fixed effects in the model were ewe  vitamin E supplementation
(control, supplemented), vitamin E intake from the basal diet (con-
tinuously scaled), litter size (≤2 or ≥3 lambs), ewe age (1, 2 or ≥3
years) and ewe BCS (low = 1–2.5, medium = 2.6–3.4, high = 3.5–5). Flocks
and litter within ﬂock were set as random effects. The contribution
of all biologically plausible variable interactions were evaluated and
removed if not signiﬁcant (P > 0.1). In the ﬁnal model the only remain-
ing two-factor interaction was vitamin E supplementation × litter size.
The same model was  used to test the effect of ewe vitamin E sup-
plementation within each ewe age and litter size combination (1, 2,
3  lambs for 1 year old ewes, 2, 3, ≥4 lambs for 2 and ≥3 years old
ewes) presented in Fig. 1. The three-factor interaction (vitamin E sup-
plementation × ewe age × litter size) was  then included in the model
instead of the vitamin E supplementation × litter size interaction. One
ﬂock did not register BCS and was excluded from the lamb mortality
analysis.
When using the GLIMMIX procedure, parameters were estimated by
the  residual pseudo-likelihood technique. An empirical estimator was
used for estimation of the covariance matrix of the parameters. The
signiﬁcance of the main effects and interaction was determined, andwere transformed using the logit transformation and LSmeans were
back-transformed into the original scale to get means and 95% conﬁ-
dence intervals (CI) and for presentation in table. For all models applied,
treatment effects were declared signiﬁcant at P < 0.05 and as trends at
0.05 ≤ P < 0.10.
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Fig. 1. Effect of vitamin E supplementation on the proportion of still-
born lambs in different litter sizes and according to the age of the ewe.
Within each litter size and ewe age, columns with different letters differ
at  P < 0.05. Data from18 ﬂocks. Ewe  age, litter size, number of lambs born
by  control and supplemented ewes, respectively, and P-values: 1 year old
ewe, 1 lamb, N = 67, 73, P = 0.3; 1 year old ewe, 2 lambs, N = 413, 405, P = 0.5;
1  year old ewe, 3 lambs, N = 94, 130, P = 0.05; 2 years old ewe, 2 lambs,
N  = 259, 230, P = 0.9; 2 years old ewe, 3 lambs, N = 230, 212, P = 0.001; 2
years old ewe, ≥4 lambs, N = 44, 20, P = 0.07; ≥3 years old ewe, 2 lambs,
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1 = 388, 414, P = 0.7; ≥3 years old ewe, 3 lambs, N = 756, 764, P = 0.3; ≥3
ears old ewe, ≥4 lambs, N = 246, 309, P = 0.06.
. Results
.1. Feed characteristics
Chemical composition and feed values of the forage in
he 19 ﬂocks are shown in Table 1. There was a substan-
ial variation between the ﬂocks. Estimated mean daily DM
ntake (±SD, min–max) of forage was 1.0 (±0.4, 0.6–2.6) kg
er ewe. Mean daily intake of vitamin E (±SD, min–max)
rom the basal diet was 153 (±44, 43–234) IU per ewe. The
ontent of -tocopherol in forage and daily intake of vita-
in  E from the basal diet varied between the ﬁve regions.
or Rogaland, Buskerud, Hedmark, Trøndelag, and Troms,
he mean content of -tocopherol in forage was 41, 19, 15,
6, and 13 mg/kg DM, and the mean daily intake of vitamin from the basal diet was 139, 180, 155, 180, and 120 IU per
we, respectively.
able 1
hemical composition and feed values of the forage (silage or hay) in the
9 ﬂocks.
Mean SD Min  Max
Dry matter, g/kg 32.8 19.5 16.0 90.3
Chemical composition, g/kg DM
Crude protein 153 26.4 113 211
NDF 545 68.7 376 720
Sugar 43.2 45.5 0 151
Lactic acid 58.4 29.3 6.9 119
Acetic acid 16.0 11.2 3.0 56.2
Propionic acid 3.4 3.3 0 14.0
Butyric acid 3.0 8.6 0 46.0
Ethanol 10.2 7.4 1.7 37.1
OMD, %a 68.6 5.7 51.0 81.2
NEL, MJb 5.7 0.5 4.1 6.8
-Tocopherol, mg/kg DM 25 17 7 64
a Organic matter digestibility.
b Net energy lactation.search 125 (2015) 154–162 157
3.2. Blood values
Table 2 shows blood values for pre-treatment sampling
in all ﬂocks and after lambing sampling in 11 ﬂocks. Table 3
shows blood values for ewes and lambs in the 5 ﬂocks fol-
lowed in all samplings.
The serum concentrations of -tocopherol and choles-
terol, ratio of -tocopherol to cholesterol, and GPx activity
in blood were similar for the experimental groups (con-
trol and supplemented) pre-treatment (Tables 2 and 3).
Seven of the ﬂocks had mean serum -tocopherol levels
below 2.0 mg/L. The supplemented ewes had signiﬁcantly
higher levels of -tocopherol and ratio of -tocopherol to
cholesterol than the control ewes 1–2 weeks after start of
supplementation (5–6 weeks before lambing; Table 3). The
GPx activity in blood was equal for the experimental groups
at all sampling times (Tables 2 and 3). After lambing there
was only a numerical higher concentration of -tocopherol
in serum of supplemented ewes (Tables 2 and 3), but a
signiﬁcantly higher ratio of -tocopherol to cholesterol of
supplemented ewes when all sampled ﬂocks were included
(Table 2). For 1, 2 and ≥3 years old ewes, the level of -
tocopherol (mg/L) was  2.60 ± 1.13, 2.42 ± 0.95, 3.03 ± 1.39,
P = 0.01, and the ratio of -tocopherol to cholesterol (mg/g)
was 3.95 ± 1.78, 3.82 ± 1.54, 4.84 ± 2.40, P = 0.01, when all
sampled ﬂocks were included. The same was  apparent for
the 5 closely followed ﬂocks, alone (P = 0.01). There was no
signiﬁcant effect of litter size on any blood value.
Post lambing serum concentrations in ewes with or
without stillborn lambs are presented in Table 4. Results
are shown for ewes with different litter sizes, irrespec-
tive of E-vitamin supplementation. There was a signiﬁcant
interaction between litter size and with or without still-
born lamb on the concentration of serum -tocopherol.
Ewes with stillborn lamb had signiﬁcantly lower serum
-tocopherol concentrations than ewes without stillborn
lamb in litters with ≥3 lambs, whereas a numerical differ-
ence in the opposite direction was  apparent in litters with
≤2 lambs. There was  a tendency of higher -tocopherol
and higher ratio of -tocopherol:cholesterol in ewes with
≤2 lambs compared with ewes with ≥3 lambs. Ewes with
stillborn lambs had higher serum cholesterol than ewes
without stillborn lambs.
3.3. Stillborn lambs
There was no signiﬁcant effect of vitamin E supple-
mentation (P = 0.3) on the overall rate of stillborn lambs
(Table 5). However, the interaction of vitamin E supple-
mentation and litter size (≤2 lambs and ≥3 lambs) was
highly signiﬁcant (P = 0.0097). The supplemented ewes
with ≥3 lambs had lower stillbirth rate than the control
ewes with ≥3 lambs (P = 0.0004). On the contrary, there
was no difference between supplemented and control ewes
with ≤2 lambs. This is also shown in Fig. 1 (presented
in percent) for the different litter sizes (1, 2, 3 and ≥4
lambs) and age of ewes (1, 2 or ≥3 years). For all ewes, an
increased vitamin E intake from the basal diet decreased
the stillbirth rate signiﬁcantly (P = 0.049) (not in table). The
stillbirth rate (back-transformed LSmeans (95% CI)) was
higher (P = 0.003) for one-year-old ewes (0.08 (0.06–1.11))
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Table 2
Effect of vitamin E supplementationa (360 IU/d) to ewes on serum levels of -tocopherol and cholesterol, the ratio of -tocopherol to cholesterol, and
glutathione peroxidase activity in blood (GPx) in all sampled ﬂocks.
Sampling Control Supple mented SEM P
Pre-treatmentb
(19 ﬂocks, n = 380)
-Tocopherol, mg/L 2.48 2.50 0.250 0.88
Cholesterol, g/L 0.74 0.74 0.020 0.92
-Tocopherol:cholesterol, mg/g 3.38 3.62 0.460 0.42
GPx, U/g Hb 791 806 33.1 0.33
After  lambingc
(11 ﬂocks, n = 252)
-Tocopherol, mg/L 2.54 2.73 0.226 0.19
Cholesterol, g/L 0.65 0.63 0.030 0.29
-Tocopherol:cholesterol, mg/g 4.36 4.90 0.408 0.02
GPx, U/g Hb 844 825 43.5 0.36
a Supplementation went on from 6–7 weeks prepartum until parturition.
b 7–8 weeks before lambing.
c 1–2 weeks after lambing. Estimated vitamin E intake from the basal diet during the supplementation period: 161 IU/d.
Table 3
Effect of vitamin E supplementationa (360 IU/d) to ewes on serum levels of -tocopherol and cholesterol, the ratio of -tocopherol to cholesterol, and
glutathione peroxidase activity in blood (GPx) in 5 ﬂocks where ewes were followed in all samplings.
Control Supplemented SEM P
Pre-treatmentb
(n = 158)
-Tocopherol, mg/L 3.09 2.91 0.672 0.40
Cholesterol, g/L 0.78 0.74 0.039 0.16
-Tocopherol:cholesterol, mg/g 4.07 4.04 0.921 0.91
GPx, U/g Hb 734 755 47.2 0.45
1–2  weeks after initiation
of supplementationc
(n = 157)
-Tocopherol, mg/L 3.21 4.18 0.683 0.0002
Cholesterol, g/L 0.81 0.79 0.047 0.40
-Tocopherol:cholesterol, mg/g 4.09 5.56 0.881 0.0002
GPx, U/g Hb 746 743 59.8 0.91
After  lambingd
(n = 158)
-Tocopherol, mg/L 2.43 2.48 0.364 0.82
Cholesterol, g/L 0.69 0.65 0.057 0.18
-Tocopherol:cholesterol, mg/g 3.52 3.91 0.621 0.17
GPx, U/g Hb 838 824 55.1 0.63
a Supplementation went on from 6–7 weeks prepartum until parturition.
b 7–8 weeks before lambing.
c 5–6 weeks before lambing. Estimated vitamin E intake from the basal diet: 165 IU/d.
d 1–2 weeks after lambing. Estimated vitamin E intake from the basal diet during the supplementation period: 165 IU/d.
Table 4
Post lambing serum concentrations of -tocopherol, cholesterol, the ratio of -tocopherol:cholesterol and glutathione peroxidase activity in blood (GPx)
of  ewes with different litter sizes with or without stillborn lambs, irrespective of vitamin E supplementationa. Number of ewes is given in parenthesis.
Litter size ≤2 lambs ≥3 lambs P-valuesb
Stillborn lambs Withoutc Withd Withoute Withf S L S × L
Number of ewes (143) (12) (72) (22)
-Tocopherol, mg/L 2.67 xy 3.19 x 2.79 x 2.17 y 0.83 0.07 0.01
Cholesterol, g/L 0.65 0.76 0.66 0.68 0.05 0.25 0.17
-Tocopherol:cholesterol, mg/g 4.31 4.37 4.23 3.18 0.14 0.08 0.10
GPx,  U/g Hb 854 847 857 793 0.27 0.46 0.38
a Means without a common letter within the same row differ (P < 0.05).
b Effect of with or without stillborn lamb (S), litter size (L), interaction (S × L).
c Ewes without stillborn lamb. Estimated total daily vitamin E intake: 332 IU.
 IU.
57 IU.
 IU.d Ewes with stillborn lambs. Estimated total daily vitamin E intake: 428
e Ewes without stillborn lamb. Estimated total daily vitamin E intake: 3
f Ewes with stillborn lambs. Estimated total daily vitamin E intake: 315
than for two-year-old and ≥3-year-old (0.04 (0.03–0.07)
and 0.04 (0.03–0.05) respectively). Ewes with low BCS
had higher (P = 0.001) stillbirth rate (0.07 (0.05–0.11)) than
ewes with medium or high BCS (0.04 (0.04–0.06) and 0.04
(0.03–0.05), respectively). The inclusion of BCS in the sta-
tistical model on the expense of the ﬂock where BCS was
not registered did not change the magnitude of the effects
of the other variables in the model.4. Discussion
4.1. Dietary vitamin EThe varying content among ﬂocks and regions of
-tocopherol concentration in forages conﬁrms previous
research in Scandinavia (e.g. Nadeau et al., 2004; Lindqvist
et al., 2012). Most ﬂocks had grass silage as the main forage,
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Table  5
Mean proportion (95% CI) of stillborn lambsa for control ewes and ewes supplemented with vitamin E, within ewes with ≤2 lambs and ≥3 lambs (18 ﬂocks).
≤2 lambs ≥3 lambs P-valuesb
Controlc Supplementedd Controle Supplementedf E L E × L
Lambs born 1228 1218 1501 1578
Rate of stillborn lambsg 0.03 x 0.03 x 0.11 z 0.07 y 0.3 <0.0001 0.0097
(0.02–0.04) (0.02–0.05) (0.08–0.14) (0.05–0.10)
a Means without a common letter within the same row differ (P < 0.05).
b Effect of vitamin E supplementation (E), litter size (≤2 lambs, ≥3 lambs (L)), interaction (E × L).
c Estimated total daily vitamin E intake of the lambs’ mother during the supplementation period: 151 IU.
d Estimated total daily vitamin E intake of the lambs’ mother during the supplementation period: 513 IU.
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nd ﬁve of the ﬂocks gave some commercial mixtures of
itamins and minerals in addition to concentrate. Hence,
here were great variations in the daily intake of vitamin
 from the basal diet, and in average a higher content in
he basal diet than in previous studies (Kott et al., 1998;
errell, 1998; Daniels et al., 2000).
.2. Blood values
For the 5 ﬂocks followed at all blood samplings, there
as less difference in post lambing serum -tocopherol-
nd -tocopherol:cholesterol levels between the two
xperimental groups than when 6 more ﬂocks were added
Tables 2 and 3). The reason for this may  have been that the
 ﬂocks had 12 IU higher daily intake of vitamin E from the
asal diet per ewe (165 IU) than the 6 other ﬂocks (153 IU),
nd hence were less susceptible to vitamin E supplement.
erum concentrations of -tocopherol of >2.0 mg/L have
reviously been considered adequate to avoid deﬁciency
iseases like white muscle disease (McMurray and Rice,
982), however, 7 ﬂocks had average serum concentrations
elow that level. The amount of vitamin E needed to main-
ain proper immune function is greater than the amount
eeded to prevent overt deﬁciency like white muscle dis-
ase (Weiss et al., 1994).
Plasma -tocopherol concentrations in control ewes
–6 weeks prepartum (Table 3) were greater than the range
.6–2.4 mg/L reported in pregnant control ewes in other
tudies with E-vitamin supplementation (Capper et al.,
005; Parraguez et al., 2011). When considered on a BW
asis, however, daily vitamin E intake (2.0 IU/kg BW)  was
igher, as well, compared with 0.6–1.2 IU/kg BW in the
wo mentioned studies. Also for the supplemented ewes,
lasma -tocopherol concentrations were higher, although
aily E-vitamin intakes were lower (6.5 IU/kg BW)  than
eported for the two other studies (8.0–12.2 IU/kg BW).
Using four ewe groups, Njeru et al. (1994) found a linear
ncrease in 1-d postpartum serum -tocopherol concentra-
ions, 0.9, 2.0, 2.6 and, 4.1 mg/L, with increasing daily levels
f supplemental vitamin E, 0, 15, 30, and 60 IU (0.4, 0.7,
.0, and 1.6 IU/kg BW), respectively, for 4 weeks prepartum.
n samples retrieved within 4 h postpartum, Daniels et al.
2000) observed in average 1.2 and 1.9 mg/L, respectively,
n serum of ewes that were unsupplemented or orally sup-
lemented with 400 IU/day in late pregnancy. These serum
-tocopherol values were below the 1–2 wk postpartummentation period: 159 IU.
mentation period: 520 IU.
ans are used for analysis.
values in ewes in the present study (Table 2), although the
supplementary level was  similar.
Using grazing yearling ewes that were not pregnant or
lactating, Hatﬁeld et al. (2002) observed 1.9–2.7 mg/L of
serum -tocopherol with a daily supplement of 330 IU/day,
and 1.8–2.4 mg/L without supplement. Using yearling
wethers, Ochoa et al. (1992) found 3.2–4.6 mg/L of serum
-tocopherol with 1000 IU of supplemental vitamin E from
various sources, as opposed to 1.0 mg/L in unsupplemented
wethers.
Lipoproteins are the major carriers of Vitamin E in
blood, but the distribution of cholesterol and vitamin E
between the lipoprotein density fractions (high-density,
low-density, and very-low-density) varies. The ratio of
serum vitamin E to cholesterol estimates vitamin E con-
centration per lipoprotein particle and is shown to be
inﬂuenced by vitamin E intake (Herdt and Smith, 1996).
Although serum vitamin E, alone, is a valid estimator of
vitamin E status in cattle, its accuracy for this purpose is
greatly increased by correcting for lipoprotein concentra-
tion by use of the vitamin E to cholesterol ratio (Herdt
and Smith, 1996). In the present study, the ratio of serum
-tocopherol to cholesterol 5–6 weeks before lambing
reﬂected the effect of the vitamin E supplement similarly to
serum -tocopherol concentrations. After lambing, when
the ewes normally mobilize from their body fat stores,
serum cholesterol was  lower than prepartum, in line with
observations in cows (Weiss et al., 1994; Herdt and Smith,
1996). The ratio of serum -tocopherol to cholesterol was
at that point higher for supplemented ewes than control
ewes when all 11 sampled ﬂocks were considered, and was
probably a better indicator of the vitamin E status, as shown
by Weiss et al. (1992). The GPx activity, which is highly cor-
related with blood selenium concentrations (Wiener et al.,
1983), was adequate (>700 U/g Hb) throughout the exper-
iment and results were therefore not confounded by low
selenium levels. Values below 130 U/g Hb is indicative of
marginal selenium deﬁciency, when the actual Ransel kit
is used.
One to two weeks after lambing, serum -tocopherol
concentration had decreased by 41% (supplemented ewes)
and 24% (control ewes) compared with 5–6 weeks
before lambing, and there was  no difference between
the experimental groups in the 5 ﬂocks where ewes
were repeatedly sampled (Table 3). A number of stud-
ies (Goff and Stabel, 1990; Weiss et al., 1990; Lindqvist
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et al., 2011) have documented that blood concentrations
of -tocopoherol can decrease dramatically in dairy cows
during the periparturient period. The lowest concentra-
tions are generally observed between 1 week pre-partum
and 2 weeks post-partum. This decline is partly a result of
directing -tocopherol to colostrum production. Colostral
-tocopherol is found to be about three times higher than
milk -tocopherol in ewes (Njeru et al., 1994). The decline
can also be attributed to metabolic stressors associated
with parturition, such as negative energy, protein and cal-
cium balance (Goff and Stabel, 1990).
The difference in serum concentration of -tocopherol
after lambing between ewes with or without stillborn
lambs, found in ewes having ≥3 lambs, only, suggests that
low level of vitamin E in blood is detrimental for ewes hav-
ing large litters. Naziroglu et al. (1998) examined the level
of -tocopherol in plasma of ewes that aborted their lambs,
and found a signiﬁcant lower level in ewes that aborted
(1.11 mg/L) than in control ewes (1.54 mg/L).
4.3. Stillborn lambs
There are few known studies reporting stillbirth rate
when supplementing vitamin E in sheep. Merrell (1998)
found no effect of supplemental vitamin E to twin-bearing
ewes in late pregnancy on the number of stillbirths, when
providing in total 200 IU per ewe per day, as opposed to
50 IU in the control group. Contrary, Persson Waller et al.
(2007) observed a lower stillbirth rate of calves when
cows were supplemented vitamin E in late pregnancy, and
Mahan (1994) observed an increased number of liveborn
piglets after vitamin E supplementation of sows. In the
present study, there was for all ewes a beneﬁt of increasing
vitamin E intake from the basal diet. However, there was
no interaction between supplemental vitamin E and vita-
min  E intake from basal diet on the stillbirth rate. It was
expected that an increasing total daily intake of vitamin E
would signiﬁcantly decrease the stillbirth rate.
Irrespective of litter size, supplementing vitamin E to
ewes in late pregnancy can reduce the energy expenditure
to repair or replace cells damaged during pregnancy, and
possibly more energy may  be available for fetal develop-
ment and fetal energy status (Hatﬁeld et al., 2000).
Supplementing vitamin E has also been shown to
improve the immune status of pregnant ewes by stimulat-
ing the natural immune response (Finch and Turner, 1996).
Politis et al. (1995) found that the normal suppression of
blood neutrophil and macrophage function in control cows
in early postpartum was prevented in cows that were sup-
plemented with vitamin E prepartum, and Anugu et al.
(2013) reported an increased serum concentration of IgG
in ewes supplemented with vitamin E in late pregnancy.
Transfer of vitamin E to the fetus via the placenta has been
considered low because newborn lambs have no or very
low blood levels of vitamin E (Njeru et al., 1994). However,
Capper et al. (2005) found that supplementing vitamin E to
ewes during late pregnancy gave high levels of vitamin E in
fetal tissue despite low levels in fetal plasma. This indicated
an appreciable placental transfer of vitamin E into the fetus,
and that the immune status of the fetus itself is affected
by the vitamin E status of the mother in late pregnancy.search 125 (2015) 154–162
Several diseases experienced in the ewe prepartum, includ-
ing clinical mastitis, are found to increase the risk of still-
births (Waage and Holmøy, 2012). By post mortem exam-
inations of stillborn lambs in Norway, Waage et al. (2013)
found that 11% of the stillbirths were caused by infections.
This suggests that improved immune status of the ewe and
fetus might contribute to reduce the number of stillborn
lambs. There is, however, no known documented lower
stillbirth rate with improved maternal immune status.
Pregnancy is a physiological event characterized by a
drastic increase in energetic demand, to ensure an ade-
quate fetal development and growth (Mutinati et al., 2013).
In late gestation, this increase in energy demand is 42%
larger for ewes carrying ≥3 fetuses compared with a sin-
gle fetus (NRC, 2007). All tissues and, mostly, placenta and
fetuses require high amounts of oxygen. It is well docu-
mented that pregnancy and increased metabolic demand
during parturition result in increased production of ROS
(Nockels, 1996; Anugu et al., 2013; Mutinati et al., 2013).
Oxidative stress occurs when oxidant substances and, par-
ticularly, ROS overwhelm antioxidant defences. Reactive
oxygen species, generated both by the mother and fetuses,
are necessary for normal fetal growth (Mutinati et al.,
2013), but may  be harmful in excess amounts. Oxidative
stress plays a pivotal role in the development of many dis-
eases, including pre-eclampsia, miscarriage, delay in fetal
growth, pregnancy interruption, pre-term labour and still-
births (Mutinati et al., 2013). Biomarkers of oxidative stress
(malondialdehyde (MDA) and lipid peroxides) are gener-
ally higher in pregnant women during the second trimester
and late gestation than in nonpregnant control persons,
whereas the activity of antioxidant enzymes, including
GPx, is usually decreased (Gür et al., 2011). Parraguez et al.
(2011) showed that levels of carbonyls and MDA  consistent
with a state of oxidative stress were signiﬁcantly reduced in
ewes that were supplemented with antioxidant vitamins,
500 mg  vitamin C and 350 IU vitamin E, daily, during gesta-
tion. The vitamin supplementation prevented the negative
effects on placenta caused by hypoxia at high altitudes.
Lower rate of stillbirths with supplemental vita-
min  E could be due to improved placental function.
Kasimanickam et al. (2010) examined the placental angio-
genesis (development of new blood vessels from an
existing vascular network) when giving vitamin E to ewes
in late pregnancy. The study demonstrated that supple-
menting vitamin E increased angiogenesis in the placental
vascular network. Increase in angiogenesis may  increase
the provision of nutrients required for the development
and growth of fetus during late pregnancy. Mutinati et al.
(2013) stated in their review that excess ROS genera-
tion in late pregnancy may  lead to placental degeneration
with subsequent alteration in maternal–fetal exchanges.
Dwyer et al. (2005) observed that triplet lambs suffered
some placental insufﬁciency in comparison to lambs in
smaller litter sizes, causing an inability to transport ade-
quate nutrients to triplet lambs in late pregnancy. Gür
et al. (2011) found that pregnancies with a single fetus
did not affect the oxidant to antioxidant balance compared
with non-pregnant ewes, whereas pregnancies with two
fetuses caused oxidative stress by increasing serum lipid
peroxidation levels, decreasing serum glutathione levels,
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nd decreasing GPx-activity. Therefore, they suggested that
owerful antioxidants may  be administered to pregnant
wes bearing more than one fetus to protect both mother
nd fetuses against detrimental effects of oxidative stress.
n line with this, a higher oxygen request and more intense
ipid peroxidation in late pregnancy by ewes carrying large,
ompared with small litters might possibly explain the
ifferent responses to vitamin E supplementation in the
resent study. Serum concentrations of alpa-tocopherol
hat were sufﬁcient to prevent negative effects on placental
unction in pregnancies with one or two fetuses might have
een unable to fully support placental function in pregnan-
ies with three or more fetuses.
According to data from the NSRS for 2010, the pro-
ortion of ewes that had at least one stillborn lamb was
igher for one-year-old than for adult ewes (two-year-
ld or older). This was also seen in the present study.
wyer et al. (2005) found that ﬁrst parity ewes had smaller
nd less efﬁcient placentas (deﬁned as fetal weight sup-
orted per g placenta), although cotyledon number was
ot affected. The increased stillbirth rate observed for ewes
n low body condition (BCS ≤ 2.5) during late pregnancy
as in agreement with Kleemann and Walker (2005) and
ousa-Balabel (2010).
. Conclusion
Ewes in late pregnancy clearly responded to a daily
upplement of 360 IU vitamin E with increased serum -
ocopherol concentrations. When carrying ≥3 lambs, ewes
ith stillborn lambs had lower serum -tocopherol con-
entrations after lambing than ewes without stillborn lamb
hereas such differences were not found for ewes carrying
2 lambs. This suggested that low levels of -tocopherol in
lood are detrimental for ewes having greater litters.
Vitamin E supplementation did not inﬂuence the
tillbirth rate of ewes carrying ≤2 lambs. However, supple-
enting vitamin E to ewes carrying ≥3 lambs decreased
he stillbirth rate signiﬁcantly. The results from this study
herefore suggest supplementation of vitamin E according
o NRC (2007) recommendations to ewes carrying ≥3 lambs
he last 6–7 weeks before lambing, but question whether
he same high dose is necessary to ewes with smaller lit-
ers. Future studies should focus on gaining insight to the
peciﬁc function of vitamin E on fetal energy status and
aternal-fetal exchange in late pregnancy.
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